The culture filtrate of a fungus isolated from decaying Picea glauca wood and tentatively identified as Oidiodendron cf. truncatum showed strong antibiotic activity against the pathogenic yeast, Candida albicans. Four new tetranorditerpenoids, oidiodendrolides A (3), B (4), and C (5) and oidiodendronic acid (7) were isolated along with three known tetranorditerpenoids, LL-Z1271a a (‫؍‬PR1387) (1), PR1388 (2), and acrostalidic acid (6), from rice fermented by the above fungus. The structures of oidiodendrolides A (3), B (4), and C (5) and oidiodendronic acid (7) were established on the basis of spectroscopic and chemical investigations. The antifungal activity of the above tetranorditerpenoids against the pathogenic yeasts, Candida albicans and Cryptococcus neoformans is discussed.
The incidence of life-threatening fungal infections has steadily increased in immunocompromised hosts such as human immunodeficiency virus (HIV) infected persons and cancer patients. 1) It is well known that Candida albicans (ROBIN) BERKHOUT is the major opportunistic pathogen in such cases and its resistance to the orally active azoles, which are the most widely used antifungals today, is attracting much attention. Therefore, novel antifungal agents having unique activity against C. albicans are required to overcome these infections.
In the course of searching for antifungal substances, we recently reported the isolation of new 18,22-cycloergostane steroids, Mer-NF8054X 2) and emesterones A and B, 3) from the culture filtrates of Emericella heterothallica (KWON, FEN-NELL et RAPER) MALLOCH et CAIN, strains ATCC 16847 (mating type A) and/or ATCC 16824 (mating type a). These compounds had antifungal activity against the pathogenic yeast, C. albicans. 3, 4) Screening for further antifungal substances from fungal sources, filtrates from cultures of 24 strains cultivated in potato-dextrose (PD) broth belonging to the genus Oidiodendron were tested against C. albicans, Aspergillus fumigatus PIDOPLICHKO et KIRILENKO, and Aspergillus niger VAN TIEGHEM, and against the bacteria Staphylococcus aureus ROSENBACH and Escherichia coli (MIGULA) CASTELLANI et CHALMERS. Five strains possessed antibacterial activity against S. aureus, but only the broth of Oidiodendron cf. truncatum (UAMH 9473) showed especially strong antifungal activity against the pathogenic yeast, C. albicans (Table  1) . The above results prompted us to investigate the active metabolites of this unique fungus.
Oidiodendron cf. truncatum UAMH 9473 was isolated from the wood of a decayed log of white spruce [Picea glauca (MOEUCH) VOSS] collected in Elk Island National Park, Alberta, Canada. This strain resembled O. truncatum BARRON but differs in cultural morphology and in the size. It is possibly a new species of Oidiodendron, but requires further investigation before a name can be applied.
In order to get a large amount of extract, the above fungus was cultivated in various media. Strong antifungal activity against C. albicans was also observed in the chloroform extract from fermented rice. The separation and purification of this extract gave four new tetranorditerpenoids, oidiodendrolides A (3), B (4), and C (5) and oidiodendronic acid (7), along with LL-Z1271a (ϭPR 1387) (1), PR 1388 (2), and acrostalidic acid (6) . Compounds 1 5) and 6 6) were first isolated from the fungus of Acrostalagmus (ϭVerticillium) sp. Compounds 1 and 2 were also isolated from Oidiodendron truncatum BARRON as PR 1387 and PR 1388, respectively.
7)
The above extract from Oidiodendron cf. truncatum UAMH 9473 also gave three degraded anthraquinone derivatives, bisdechlorogeodin (8) , asterric acid (9), and sulochrin (10) .
The structural elucidation of 3, 4, 5, and 7 and the antifungal activity of 1-5 against the pathogenic yeasts are described in this paper.
Structure of 3 The molecular formula of 3 was confirmed to be C 16 H 18 O 6 by high-resolution electron-impact ionization mass spectrometry (EI-MS). The 1 H-NMR spectrum of 3 was similar to that of 2 (Table 2) , except for the absence of a methoxy group (d 3.68 in 2) in 3. Therefore, 3 was assumed to be a demethyl derivative of 2. In order to confirm the structure, 2 was moderately hydrolysed with potassium carbonate to give 3, which was identical with naturally occurring oidiodendrolide A, based on a comparison of spectroscopic data, including circular dichroism (CD) curves. The structure of oidiodendrolide A was consequently confirmed and is portrayed in 3. The assignments of the 1 H-NMR signals of 3 were determined as shown in Table 2 1 H-detected heteronuclear multiple-quantum coherence via direct bond (HMQC), and heteronuclear multiple bond connectivity by 2D multiple quantum NMR (HMBC) spectra (Fig. 1) .
The stereochemistry of 4 was determined by analysis of the difference nuclear Overhauser enhancement (NOE) spectra (Fig. 2 ) and the 2D NOE spectroscopy (NOESY) spectrum. When the methyl group at C-10 (d 0.89) was irradiated, 0.3% NOE's were observed on both 7-H (d 3.87) and 14-H (d 4.88), along with enhancements on 3b-H (d 2.08) and 11b-H (d 2.97). Consequently, these protons are on the same side of the decalin ring, and the epoxide and methoxy group are on the opposite side, relative to the methyl group on the decalin ring. On the other hand, 0.8% and 1.5% NOE's were observed for 5-H (d 2.09) and 6-H (d 4.85), respectively, by irradiation of the C-4 methyl residue (d 1.30). Therefore, the configurations of 5-H and 6-H were determined to be on the same side as the methyl group at C-4. These results confirmed the stereochemistry of oidiodendrolide B (4), except for the configuration of the hydroxy group. The stereochemistry of the hydroxy group was determined from the NOE (7.8%) on 5-H (d 2.09) by irradiation of the hydroxy proton (d 2.55). The relative structure of oidiodendrolide B was consequently confirmed as shown in 4. The assignments of the 1 H-and 13 C-NMR signals of 4 are summarized in Table 2 . 
The minus (-) means no inhibition. a) The inhibition zone was not clear.
Structure of 5
The molecular formula of 5 was confirmed to be C 16 H 18 O 5 from analysis of the quasi-molecular ion peak observed at m/z 291.1262 in the high-resolution chemical ionization mass spectrum (CI-MS). The 1 H-NMR spectrum of 5 was similar to that of 2 (Table 2) (Fig. 3) .
The stereochemistry of 5 was determined from the difference NOE experiments (Fig. 4) . NOE (0.2%) was observed on 7-H (d 3.83) along with the enhancements (0.5 and 0.3%, respectively) on 3b-H (d 2.17) and 14b-H (d 4.64) when the methyl group at C-10 (d 1.10) was irradiated, whereas 0.6, 1.0, and 1.5% NOE's were observed on 3a-H (d 1.44), 5-H (d 1.81), and 6-H (d 4.92), respectively, upon irradiation of the other methyl group at C-4 (d 1.23). Therefore, 7-H is on the same side of the decalin ring as the methyl group at C-10 and the other methyl group at C-4; 5-H, and 6-H were opposite with respect to the above methyl residue. These results confirmed the stereochemistry of oidiodendrolide C (5). The relative structure of oidiodendrolide C was consequently confirmed to be as shown in 5. The assignments of the 1 Hand 13 C-NMR signals of 5 are summarized in Table 2 . Structure of 7 The molecular formula of 7 was confirmed to be C 16 H 20 O 4 from the molecular ion peak observed at m/z 276.1343 in the EI-MS. The planar structure of 7 was determined from detailed analyses of the 1 H-1 H COSY, HMQC, and HMBC spectra (Fig. 5) . Correlation peaks were observed for 6b-H (d 2.90) between the methyl group at C-10 (d 1.01) in the NOESY spectrum (Fig. 6 ) of 7, whereas the correlation peaks for 5-H (d 1.65) and 6a-H (d 2.54) were observed with the methyl group at C-4 (d 1.27). These results showed that two methyl groups were opposite to each other in the trans-decalin ring, and the proton at C-5 was on the same side as the methyl group at C-4. The relative structure of oidiodendronic acid was consequently confirmed as shown in 7 in Chart 1. The assignments of the 1 H-and 13 C-NMR signals of 7 are summarized in Table 2 . This is the first report of 7 being isolated as a natural product, although this compound has been reported as a synthetic intermediate to 1.
8)
Absolute Configurations of 2-5 The absolute configuration of 1 was determined as shown in Chart 1 from the Cotton effect at 291-293 nm in the CD spectrum of the cyclohexanone derivative (12) derived from the dihydro-LLZ1271a (11) by G. A. Ellestad et al. 5) This reference also mentions that the CD curve of 11 showed a negative Cotton effect at 255 nm (De Ϫ6.7) for the a,b-unsaturated d-lactone chromophore. The absolute structure of 2 was not clearly determined in the previous paper. 7) Since 2, 3, and 5 had negative Cotton effects at 260-263 nm (De Ϫ5.3, Ϫ3.4, and Ϫ7.9, respectively) in the same way as 11 causing the enelactone systems, the absolute structures of 2, 3 and 5 were confirmed as being the same as 1 as shown in Chart 1. Since 7 had an a,b,g,d-unsaturated d-lactone chromophore, showing a negative Cotton effect at 270 nm (De Ϫ30.1) in the CD spectrum, the absolute structure of 7 was assumed to be the same as 1. The absolute stereochemistry of 4 could not be determined because of the absence of an a,b-unsaturated dlactone chromophore, although a weak negative Cotton effect at 267 nm (De Ϫ0.14) was observed in the CD spectrum. Compound 4 was assumed to have the same absolute configuration as 1, 2, 3, and 5 because they occurred together.
Biological Activity Compound 1 was first reported as an antifungal substance effective against C. albicans but no data were provided. 5) Barrero et al. 8) determined the minimum inhibition concentrations (MIC) of 1 as 3.12, 3.12, and 3.12 mg/ml for Saccharomyces cerevisiae MEYEN et HANSEN, C. albicans, and Cryptococcus neoformans (SANFELICE) VUILLEMIN, respectively. We determined the MIC of 1-5 against 11 strains of pathogenic yeast and 4 strains of filamentous fungal pathogens ( Table 3) .
The antifungal activity against the pathogenic yeast, C. albicans, showed MIC's of 8, 16, and 32 mg/ml for 1, 2, and 5, respectively, whereas 3 and 4 showed no antifungal activity up to a concentration of 64 mg/ml. This trend was the same in other pathogenic yeasts, although the activities differed (2-32 mg/ml for 1, 2-64 mg/ml for 2 and 16-Ͼ64 mg/ml for 5). In contrast, the above compounds (1-5) had almost no activity against the filamentous pathogens. Compound 1 shows the strongest activity against human pathogenic yeasts when compared to 2 and 5, whereas 3 and 4 showed almost no activity. Compounds 1, 2, and 5 have the a,b-unsaturated d-lactone moiety in the molecule. However, the ene-lactone system of 3 is in equilibrium with an aldehyde-carboxylic acid system and 4 has the non-conjugated d-lactone system. From the above facts, the planar 6-membered lactone is probably essential for the antifungal activity of this series of compounds, and the activity is decreased when the lactone ring is open and/or non-planar. The g-lactone moiety in the molecule may be necessary for antifungal activity, but results are inconclusive.
It is interesting that these compounds (1, 2, and 5) were as active against fluconazole-resistant C. albicans strain ATCC 90029 as other strains of this pathogen. With regards to the agents of non-albicans candidiasis, 1 and 2 were especially effective against C. tropicalis (CASTELLANI) BERKHOUT Pichia anomala (HANSEN) KURTZMAN, the teleomorph of C. pelliculosa REDAELLI. These results were the same as those for C. albicans. Notably, a MIC of 2 mg/ml was noted against C. kefyr for 1 and 2 and against Pichia anomala for 1. Compounds 1 and 2 were also effective against C. neoformans, the causal agent of cryptococcosis, and the yeast form of the Nagilactones, e.g., nagilactone E (13), are norditerpene dilactones originally isolated from Podocarpus sp. (Podocarpaceae), 10) and have basically the same configuration as the oidiodendrolides. These nagilactones had weak antifungal activity against C. albicans. The MIC of 13 was 800 mg/ml, but this compound enhanced the antifungal activity of naturally occurring phenylpropanoids.
9)

Experimental
Melting points were determined on a Yanagimoto micro-melting point apparatus and are uncorrected. EI-and CI-MS were taken with a JEOL JMS-MS600W spectrometer. UV and IR spectra were recorded on a Hitachi U-3210 spectrophotometer and a JASCO IR-810 spectrophotometer, respectively.
1 H-and 13 C-NMR spectra were recorded on a JEOL Lambda-500 ( 1 H, 500.00 MHz; 13 C, 125.43 MHz) spectrometer, using tetramethylsilane as an internal standard. CD curves were determined on a JASCO J-600 spectropolarimeter. Column chromatography was performed using Kieselgel 60 (Art. 7734, Merck). Low-pressure liquid chromatography (LPLC) was performed with a Chemco Low-Prep 81-M-2 pump and glass column (200ϫ10 mm) packed with Silica gel CQ-3 (30-50 mm, Wako). TLC was conducted on pre-coated Kieselgel 60 F 254 plates (Art. 5715; Merck). Spots on TLC were detected by UV light at 254 nm or by spraying with phosphomolybdate reagent and then heating.
Antifungal Screening of the Extracts from Oidiodendron spp. Twenty four strains belonging to various species of the genus Oidiodendron were cultivated on a rotatory shaker (100 rpm) at 25°C for 7 to 20 d in 500 ml Erlenmeyer flasks each containing 200 ml of PD broth. The filtered culture broth of Oidiodendron sp. was used to soak the paper discs (8 mm diameter) which were placed on the assay plates. C. albicans, A. fumigatus, and A. niger were cultivated in Sabouraud's glucose (SB) agar at 25°C, whereas S. aureus and E. coli were cultivated in brain heart infusion (BHI) agar supplemented with 2% glucose at 37°C. After 48-72 h incubation for fungi and 24 h incubation for bacteria, zones of inhibition (mm in diameter) were recorded. The results are summarized in Table 1 . Fungi which showed no inhibition for any microorganisms tested are not shown.
Isolation of Biologically Active Compounds from Oidiodendron cf. truncatum O. cf. truncatum UAMH 9473 was cultivated at 25°C for 21 d in 36 Roux flasks containing 150 g each of soaked rice in each flask. The fermentated rice was extracted with hexane, CHCl 3 , and acetone, in turn. Each organic layer was dried over Na 2 SO 4 and then evaporated in vacuo. The CHCl 3 extract (10.5 g) was chromatographed on silica gel with hexaneacetone (2 : 1) to obtain three fractions. From the least polar fractions, LLZ1271aϭPR1387 (1) (4 mg) was obtained by recrystallization from hexaneacetone. The more polar fraction was purified by LPLC [hexane-acetone (4 : 1)] to give acrostalidic acid (6) (22 mg), and repeated purification using chloroform-acetone (50 : 1) gave PR1388 (2) (192 mg) and oidiodendrolide C (5) (76 mg). The most polar fraction was purified by LPLC [chloroformacetone (40 : 1)] to give bisdechlorogeodin (8) (3 mg), oidiodendrolide B (4) (2 mg) and sulochrin (10) (30 mg), and repeated purification using chloroform-acetone (50 : 1) gave oidiodendronic acid (7) (2 mg), oidiodendrolide A (3) (12 mg), and asterric acid (9) C-NMR signals are summarized in Table 2 . Oidiodendronic Acid (7) Table 2 . Demethylation of 2 Potassium carbonate (40 mg) was added to a solution of 2 (49 mg) in MeOH (4 ml) and the mixture was stirred at room temperature for 90 min. The reaction mixture was neutralized with 10% HCl and extracted with chloroform, and the solvent was evaporated in vacuo. The residue was purified by LPLC using hexane-ethyl acetate (2 : 1) to obtain a demethyl derivative (3) (16 mg, 34%). This compound was identified as the naturally occurring oidiodendrolide A by comparison of the UV, IR, CD, and 1 H-and 13 C-NMR spectra and TLC behavior. Antifungal Activity of the Metabolites of Oidiodendron spp. The MIC of the isolated metabolites was determined by the serial micro-broth dilution method, with incubation in SB agar at 25°C for 36-48 h. Table 3 .
